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Evaluation of Blood Flow by Color
Doppler Sonography in Free Jejunal
Interposition Grafts Between the
Hypopharynx and Esophagus After Radical
Pharyngoesophagectomy
Masakatsu Ueno
Failure of vascular anastomoses is a devastating complication in free jejunum
transplantation. In our study, we used color Doppler sonography to estimate blood
flow in free jejunal graft in 21 patients who underwent radical pharyngoesophagectomy.
Fast Fourier transform analysis of blood flow, pulsatility index (PI) as a measure
of peripheral vascular resistance, and thickening of graft wall were evaluated for
their predictive value. Arterial wave forms were classified into three types based
on systolic–diastolic differences and magnitude of flow. Type I was physiologic
flow, type III overtly pathologic, and type II was the intermediate between the other
two types. Three patients who required vascular reanastomoses intraoperatively had
a type II pattern that degenerated to type III within 15 minutes, and the PI increased
from 3.5 to 4.5 over 1 hour. In the first patient who required retransplantation, the
wave form became type III after 18 hours, and disappeared by 24 hours, at which
point the PI was unmeasurable. Jejunal thickening increased from 1.0 mm to
5.0 mm after 24 hours, even in healthy grafts.
Monitoring blood flow during the first 24 hours after surgery is critical, where
a type III wave form or a PI greater than 2.5 is an indication for re-exploration.
Doppler sonography offers a noninvasive way to measure blood flow in jejunal grafts,
semiquantitatively, and can predict jejunal graft failure.
(J Med Ultrasound 2004;12:82–5)
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INTRODUCTION
Free jejunal transplantation is commonly performed
to restore continuity between the hypopharynx and
esophagus after radical pharyngoesophagectomy.
Failure of the vascular anastmosis, however, may
cause graft necrosis and result in a fatal outcome.
In this study, we used color Doppler sonography to
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measure blood flow in free jejunal grafts, both
intra- and postoperatively, and we used color
Doppler sonography to establish criteria for
survival.
PATIENTS AND METHODS
We enrolled 21 consecutive patients with cervical
esophageal cancer who underwent radical
pharyngoesophagectomy, followed by free jejunal
interposition. Six women and 15 men we're included,
and the age at operation was 48 to 73 years (mean,
63 years).
Blood flow was measured by color Doppler
sonography (LOGIQ 500 MD, GE Medical Systems,
Milwaukee, WI, USA) (Fig. 1). Blood flow in the
graft artery and an antimesenteric intramural artery
at the level of the vascular anastomoses were
measured before harvest. Blood flow was measured
during operation, and 15, 30, 45 and 60 minutes
after reanastomoses. Blood flow at these points was
also measured transcutaneously at 3, 6, 12, 18, 24,
36, and 48 hours, and 3, 5, and 7 days following
surgery. Transcutaneous points were taken where the
vascular anastomoses lay under the skin. Fast Fourier
transform (FFT) analysis of blood flow, pulsatility
index (PI) as a measure of peripheral vascular
resistance, and thickening of the graft wall were
evaluated as predictive factors.
RESULTS
Arterial waveforms were classified into three types,
based on systolic–diastolic differences and magnitude
of flow (Fig. 2). Type I was physiologic flow, type
III overtly pathologic, and type II was the intermediate
between the other two types. The type III patients
who required vascular reanastomoses intraoperatively
had a type II pattern that degenerated to type III
within 15 minutes.
Fig. 1. Intraoperative photograph showing use of Doppler
ultrasonography to measure blood flow in free jejunal
graft with 5–10 MHz wide band linear type probe (arrow).
Fig. 2. Representative Doppler ultrasonograms showing
three typical patterns of arterial flow. (Type I) A wave-
pattern with a steep rise, a peak, and a wide wave in
the systolic phase. (Type II) A wave-pattern with a slow
rise, no apparent peak, and a wide wave in the systolic
phase. (Type III) A wave-pattern with a steep rise, a low
peak, and a narrow curve in the systolic phase.
TYPE I
TYPE II
TYPE III
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The PI increased from 3.5 to 4.5 over 1 hour.
In the patient who required retransplantation, the
wave form became type III by 18 hours and had
disappeared by 24 hours, at which point the PI was
unmeasurable (Fig. 3A). In this case, the wave form
immediately after retransplantation was type I,
became type II after 6 hours, and returned to type
I after 18 hours (Fig. 3B). Jejunal thickening increased
from 1.0 mm to 5.0 mm after 24 hours, even in
healthy grafts.
DISCUSSION
Transplantation of free jejunal graft is commonly
performed to restore esophageal continuity after
radical cervical esophagectomy [1–10]. However,
failure of the vascular anastomosis causes graft
necrosis and may be fatal [4,11–16]. It has been
reported that graft failure rate falls between between
3% and 6% [12,17].
Various methods have been suggested, such as
macroscopic observation of the graft through a
window in the skin over the graft, macroscopic
observation of the intestinal tract that is exposed on
the sutured site of the cervical skin for monitoring,
observation of the color change of the jejunal mucosa
with endoscopy, or the utilization of a Doppler
stethoscope [13,15,17–20]. These methods have
several limitations, which include that the window
in the skin has to be closed and an intestinal tract
has to be removed after monitoring; endoscopic
examinations through the mouth are painful for
patients; and results from a Doppler stethoscope are
sometimes misleading.
The use of color Doppler sonography, for its part,
provides an objective, quantitative measure of blood
flow, intra- and postoperatively, which facilitates
clinical decision making.
Guidelines for free jejunum transplantation are
offered (Fig. 4). Before harvest, the proposed graft
should show a type I wave form and the PI should
between 1.3 to 1.8. Intraoperatively, a type I wave
form and a PI of 1.3 to 1.8 should be maintained.
The appearance of a type III waveform or a PI
greater than 2.5 indicates vascular failure, and
reanastomosis should be performed immediately, even
when the color and peristaltic activity are unchanged.
In our investigation, some cases had excellent
outcomes, despite the appearance of a type II wave
form and a PI of approximately 2.2 at 18 to 24
hours. These changes suggest decreased blood flow
in the graft, calling for close observation. In our
B
A
Fig. 3. (A) Doppler ultrasonography shows absence of
arterial flow indicative of graft failure 24 hours
postoperat ive ly .  (B)  Wave form of  Doppler
ultrasonography performed immediately after
retransplantation of a failed graft shows type I.
Fig. 4. Flow chart for diagnosis of blood failure of
vascular anastomoses in 24-hour monitoring. PI =
pulsatility index.
A
B Before harvest
Type I, PI = 1.3 to 1.8
Intraoperation
Type I, PI = 1.3 to 1.8
24-hour monitoring
Excellent outcome
Type I or II
Peak of PI < 2.5
Type III or PI > 2.5
Type III or PI > 2.5
Vascular failure
Vascular reanastomosis
Maintained
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study, if a type III waveform appeared or the PI
increased to more than 2.5, in no case did the graft
fail when flow was physiologic for the first 24
hours, even if transient abnormalities subsequently
appeared. Thus, monitoring during the first 24 hours
is most critical for the early detection of graft failure.
CONCLUSION
Objective and quantitative measurement of blood
flow in jejunal autografts for 24 hours, postoperatively
by noninvasive Doppler sonography, enhances the
safety of free jejunal transplantation by detecting
vascular failure at an early stage.
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